concentrations of protein are believed to interfere with the anneahng of 
the probe to its target. TMs quenching of the hybridization sigr^alis 
particularly noticeable when oligonucleotides or probes le^s than 100 
nucleotides in length are used. 

7. In the presence of 10% dextran sulfate or W'l 

rate of hybridization is accelerated approx.mately tenfold fWahl a al. 
1979; Renz and Kurz 1984; Amasino 1986) because nucleic acids are 
excluded from the volume of the solution occupied by the polymer and 
tl^eir effective concentration is therefore increased. Although dextran 
sulfate and polvethylene glycol are useful m circumstances where the 
;ate of hybridization is the limiting factor in detecting rare sequences 
(e c northern or genomic Southern blots), they are of no benefit when 
screening bacterial colonies or bacterial plaques. In addition they can 
Sometimes lead to high backgrounds, and hybridization solutions con^ 
tainin- them are always difficult to handle because of their viscosity. \^e 
herefore recommend that dextran sulfate and polyethylene glycol not be- 
used unless the rate of hybridization is vexy -jo-' ^^^fi^^^^^^^^^^^^.^J 
small amounts of DNA, or the amount of radiolabeled probe is limiting. 

8. To maximize the rate of annealing of the probe with its ^^-^g^^, ^^^'^^^1^- 
tions are usuallv carried out in solutions of high ionic strength (6 ^ SSC 
or 6x SSPE)Vt a temperature that is 20-25=C below the mel ing 
temperature (T„ ). Both solutions work equally well when hybridization 
sTarried out in aqueous solvents. However, when formamide is included 
in the hybridization buffer. 6 x SSPE is preferred because of its greater 
buffering power. 

9 In -eneral the washing conditions should be as stringent as possible (i.e., 
a combination of temperature and salt concentration should be chosen 
that IS approximately 12-20°C below the calculated of the hybrid 
under study). The temperature and salt conditions can often be de- 
termined empirically m preliminary -periments m which sam^^^^^^^^ of 
genomic DNA immobilized on filters are hybridized to the probe ot 
fnterest and then washed under conditions of different stringencies. 

10. To minimize background problems, it is best to hybridize ^^ ^^6 shortest 
nossible time using the minimum amount of probe. For bouthern 
TybrSLtrn of mammalian genomic DNA where each lane of the gel 
contains 10 ag of DNA, 10-20 ng/ml radiolabeled probe (sp. act. - 10 
cpmVa or greater) should be used and hybridization should be earned 
ou" or\2-S hours at 68X in aqueous solution or for 24 hours at 42 C in 
50% formamide. For Southern hyb"dization of fragrnents of doned^^^^ 
where each band of the restriction digest contams 10 ng of DNA or more, 
much less probe is required. Typically, hybridization is canned out for 
"-8 hours using 1-2 ng/ml radiolabeled probe (sp. act. = 10^ cpm/;.g or 
greater*. 

11. Useful facts: 

a The T of the hybrid formed between the probe and its target may be 
estimated from the foUowmg equation (Bolton and McCarthy 1962). 
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T = S1.5C - 16.6(log,,i:N=^' !' - 0.41( fraction G - C i - 0 63<a form- 
amide) -(600//) 

where / = the length of the hybrid in base pairs. 
This equation is vahd for: 

. Concentrations of Na' in the range of (hOl m to 0.4 m. It predicts 
less accurately in solutions of higher [Na ]. 

. DNAs whose G - C content is in the range of 30% to 75%. Note that 
fh. ripnression of T„, in solutions containing formamide is greater 
f nlv(r4 dT) (0 75=0/1% formamide) and less for DNAs nch m 
poVtda^C.; 0.50^^ formamide) (Casey and Davidson 1977). 

T <^ 'Vpvprsible" T that is defined by optical 

The equation apphes to the^^^^^^^ "..reversible" T.. 

h rrJo e LportTnt^ autoradiographic detection of DNA hy- , 
Sd? IS uTualliTlO^C hxgher than that predicted by the equation. ^ 
Similar equations have been derived for: 

, RNA probes hybridizing to immobilized RNA (Bodkin and 
Knudson 1985) 

T = 79.8=C 18.5(log,o[Na;]) + O-^^'fa^ti"^.? + 

4- ll.8( fraction G - C)— 0.35( % formamide) - (820/Z) 

ii. DNA:RNA hybrids (Casey and Davidson 1977) 

T = 79.8^0 + 18.5(log,o[Na;]) - 0. 58( fraction G 4- C-) 

-.11 8( fraction G - C)^ - 0.50(% formamide) - (820/Z) 

stable), KiNA UINA ue DNA'DNA hybrid is approximately 

aqueous solutions, the i ot a ^^^^^-^ rNA RNA hybrid. In 80% 
in°r lower than that of the equivalent KJNA.kina nyunu 
I .t7de ^Tt of an RNA:DNA hybrid is approximately 10 C 
SSer'hIn that of the equivalent DNA:DNA hybrid. 

b. The of a double-stranded DNA decreases by 1-1-5^0 with every 1% 
decrease in homology (Bonner etal. 19/3). 

P„ a general ^^^rT^/t?^^"'' ""^'^ ^^^'^ ^ '"^^ 

supports, see Meinkoth and Wahl (1984). 



